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GAIN CONTROL AMPLIFIER 

FIELD OF THE INVENTION 

The present invention relates to an ampli?er a gain of 
Which can be changed. 

BACKGROUND OF THE INVENTION 

FIGS. 6 and 7 show a prior-art gain control ampli?er, 
respectively. 

The gain control ampli?er shoWn in FIG. 6 is con?gured 
to amplify a signal inputted from an input terminal 1 by an 
emitter-grounded transistor 3 and output the signal at an 
output terminal 2. The ampli?er has a high-gain mode in 
Which a poWer supply voltage is applied to a collector of the 
transistor 3 from a poWer supply 10 through a load 9 and a 
collector-emitter of a base-grounded transistor 4 and a 
loW-gain mode in Which the poWer supply voltage is applied 
to the collector of the transistor 3 from the poWer supply 10 
through the load 9, a resistance 7, and a collector-emitter of 
a base grounded transistor 6. Reference number 11 denotes 
a bias poWer supply generating a bias voltage that deter 
mines an operation point of the transistor 3. 

The high-gain mode or loW-gain mode is selected by a 
selector sWitch 12. 

To select the high-gain mode, the selector sWitch 12 is 
turned to contact 12a. This causes the bias voltage to be 
applied only to a base of the transistor 4 out of the bases of 
the transistors 4 and 6 from a bias poWer supply 13 and the 
poWer supply voltage to be applied to the transistor 3 
through the transistor 4. The signal ampli?ed by transistor 3 
is outputted from the output terminal 2 through a branch 5. 

To select the loW-gain mode, the selector sWitch 12 is 
turned to a contact 12b. This causes the bias voltage to be 
applied from the bias poWer supply 13 only to the base of the 
transistor 6 and the poWer supply voltage to be applied to the 
transistor 3 through the transistor 6. The signal ampli?ed by 
the transistor 3 is outputted from the output terminal 2 
through a branch 8. The gain in the loW-gain mode is 
controlled through the resistance 7. 

The gain control ampli?er shoWn in FIG. 7 is different 
from the one shoWn in FIG. 6 in that gain control is 
accomplished by controlling the current ratio betWeen a 
branch 25 and a branch 27 and current control is accom 
plished by controlling a base voltage of a base-grounded 
transistor 6. 

In particular, a signal RFin inputted through an input 
terminal 1 is ampli?ed by an emitter-grounded transistor 3 
and outputted at an output terminal 2. Reference number 11 
denotes a bias poWer supply generating a bias voltage that 
determines an operation point of the transistor 3. 

The ampli?er has a high-gain mode in Which a poWer 
supply voltage is applied to a collector of the transistor 3 
from a poWer supply 10 through a load 9 and the collector 
emitter of a base-ground transistor 4, and a loW-gain mode 
in Which the poWer supply voltage is applied to the collector 
of the transistor 3 from the poWer supply 10 through the 
collector-emitter of the base-grounded transistor 6. 

Base voltage is applied to the bases of the transistors 4 and 
6 from poWer supplies 29 and 30, respectively. Current 
control is accomplished by changing an output voltage of the 
poWer supply 30 to control the base voltage of the base 
grounded transistor 6 and the current ratio betWeen the 
branches 24 and 27 is controlled. 
As an eXample circuit in Which a gain control ampli?er is 

used, there can be cited a head ampli?er provided at a front 
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2 
end of a radio frequency receiver. As shoWn in FIG. 8, 
band-pass ?lters 709 and 710 are connected in input and 
output stages, respectively, of a head ampli?er A in order to 
improve selectivity. Reference number 711 denotes a miXer 
circuit. 

Because the band-pass ?lters 709 and 710 are designed to 
satisfy an required pass frequency property at predetermined 
input and output impedances, a gain of the head ampli?er A 
is sWitched betWeen high-gain and loW-gain modes in accor 
dance With electric ?eld strength in an area in Which the 
radio frequency receiver is used. 

Therefore, it is required that the predetermined input and 
output impedances be maintained independently of sWitch 
ing betWeen the high-gain mode and the loW-gain mode. 

HoWever, in the gain control method in FIG. 6, the output 
impedance varies depending on the high-gain and loW gain 
modes and therefore it is dif?cult to achieve output imped 
ance matching in both of the high-gain and loW-gain modes. 
According to the gain control method shoWn in FIG. 7, in 

Which the control of the current ratio betWeen the branches 
25 and 27 is accomplished by controlling the base voltage of 
the base-grounded transistor 6, it is dif?cult to control the 
gain because the gain changes by 1 dB When the base 
voltage of the transistor 6 changes by 0.02 volts, for 
eXample. 

DISCLOSURE OF THE INVENTION 

The present invention has been achieved to solve the 
problems of the prior art and it is an object of the present 
invention to provide a gain control ampli?er in Which the 
amount of variation in output impedance betWeen the high 
gain mode and loW-gain mode is small and gain control can 
be performed easily and accurately. 

To solve these problems, the gain control ampli?er of the 
present invention has a con?guration in Which a load is 
provided in an output circuit of a ?rst transistor, an output 
circuit of a second transistor is provided betWeen the output 
circuit of the ?rst transistor and the load, an input signal 
supplied to the input of the ?rst transistor is ampli?ed, and 
the ampli?ed signal is taken out from a connection point 
betWeen the load and the second transistor. In the high-gain 
mode, only a control bias for the second transistor out of the 
second transistor and a third transistor is turned on, and in 
the loW-gain mode, control biases for both of the second and 
third transistors are turned on. 

According to the ?rst aspect of the present invention, 
there is provided a gain control ampli?er in Which a load is 
provided in an output circuit of a ?rst transistor, an output 
circuit of a second transistor is provided betWeen the output 
circuit of the ?rst transistor and the load, the input signal 
supplied to the input of the ?rst transistor 1 is ampli?ed, and 
the ampli?ed signal is taken out from a connecting point 
betWeen the load and the second transistor, Wherein an 
output circuit of a third transistor is connected in parallel 
With a series circuit of the output circuit of the second 
transistor and the load and sWitch means for turning on and 
off a control bias for the third transistor is provided, the 
sWitching means is turned off to turn on a control bias only 
for the second transistor out of the second and third tran 
sistors in a high-gain mode, and the sWitch means is turned 
on to turn on the control bias for both of the second and third 
transistors in a loW-gain mode. 

According to this con?guration, the amount of variation 
in the output impedance betWeen the high-gain mode and 
loW-gain mode is small and an output current is determined 
by the siZe ratio betWeen the base-grounded transistors, 
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therefore the gain can be controlled easily and accurately 
Without depending on the control bias. 

According to the second aspect of the present invention 
there is provided gain control ampli?er in Which a load is 
provided in an output circuit of a ?rst transistor, an output 
circuit of a second transistor is provided betWeen the output 
circuit of the ?rst transistor and the load, the input signal 
supplied to the input of the ?rst transistor is ampli?ed, and 
the ampli?ed signal is taken out at a connecting point 
betWeen the load and the second transistor, Wherein an 
output circuit of a third transistor is connected in parallel 
With a series circuit of the output circuit of the second 
transistor and the load, control terminals of the second and 
third transistors are connected With each other through 
sWitch means, the sWitching means is turned off to turn on 
a control bias only for the second transistor out of the second 
and third transistors in a high-gain mode, and the sWitch 
means is turned on to turn on the control bias for both of the 
second and third transistors in a loW-gain mode. 

According to the third aspect of the present invention, in 
the gain control ampli?er according to the second aspect, the 
sWitch means is formed With a MOS transistor and a 
resistance is connected in parallel With a control terminal of 
the third transistor. 

According to the fourth aspect of the present invention, in 
the gain control ampli?er according to any one of the ?rst 
through third aspects, a resistance is connected in series With 
the output circuit of the third transistor. 

According to the ?fth aspect of the present invention, in 
the gain control ampli?er according to any one of the ?rst 
through fourth aspects, the second transistor and the third 
transistor are differently siZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a gain control ampli?er 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a circuit diagram of a gain control ampli?er 
according to a second embodiment of the present invention; 

FIG. 3 is a circuit diagram of a gain control ampli?er 
according to a third embodiment of the present invention; 

FIG. 4 is a circuit diagram of a gain control ampli?er 
according to a fourth embodiment of the present invention; 

FIGS. 5a and 5b is a schematic diagram of a bias circuit 
according to each of the embodiments of the present inven 
tion; 

FIG. 6 is a circuit diagram of a ?rst conventional gain 
control ampli?er; 

FIG. 7 is a circuit diagram of a second conventional gain 
control ampli?er; and 

FIG. 8 is a block diagram shoWing an eXemplary appli 
cation of the gain control ampli?er. 

DESCRIPTION OF EMBODIMENTS 

Embodiments of the present invention Will be described 
beloW With respect to FIGS. 1 through 5. 
First Embodiment 

FIG. 1 shoWs a gain control ampli?er according to a ?rst 
embodiment of the present invention. 

In the gain control ampli?er, a load 106 is provided on a 
collector-emitter side of an output circuit of a ?rst transistor, 
Which is an emitter-grounded transistor 102, and the 
collector-emitter of the output circuit of a second transistor, 
Which is a base-grounded transistor 103, is provided 
betWeen a collector of the transistor 102 and the load 106. 
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4 
An input signal RFin is provided through an input terminal 
1 to the base, Which is an input of the transistor 102, and 
ampli?ed. The ampli?ed signal is taken out through an 
output terminal 2 connected to a connection point P1 
betWeen the load 106 and the transistor 103. The collector 
emitter of the output circuit of a third transistor, Which is a 
base-grounded transistor 104, is connected in parallel With a 
series circuit of the collector-emitter of the transistor 103 
and the load 106. 

Reference number 108 denotes a bias circuit for gener 
ating a base bias for the transistor 103 from a poWer supply 
114, reference number 109 denotes a bias circuit for gener 
ating a base bias for the transistor 104 from a poWer supply 
115. In the ?rst embodiment, a sWitch 110 as sWitch means 
is provided betWeen and in series With the poWer supply 115 
and the bias circuit 109 so that the base bias to the transistor 
104 is turned on and off. Reference numbers 111 and 112 
denote radio frequency bypass capacitors. Reference num 
ber 107 denotes a bias circuit for generating a base bias for 
the transistor 102 from a poWer supply 113. 

In the gain control ampli?er thus con?gured, the base bias 
for the transistor 103 is applied from the bias circuit 108 
independently of Whether the ampli?er is a in high-gain 
mode or a loW-gain mode, Whereas the base bias for the 
transistor 104 is turned on or off by the sWitch 110 depend 
ing on Whether it is in the high-gain mode or loW-gain mode 
as Will be described beloW. 

In the high-gain mode, the sWitch 110 is turned off to 
place the transistor 104 in the off state. In this state, all radio 
frequency signals are inputted into the emitter of the tran 
sistor 103 and outputted to the collector, thus alloWing 
high-gain radio frequency signals to be obtained through the 
output terminal 2. 

In the loW-gain mode, the sWitch 110 is turned on to place 
the transistor 104 in the on state so that a base voltage of the 
same value as that for the transistor 103 is applied to it. The 
current ratio betWeen the transistor 103 and the transistor 
104 is determined by the siZe ratio betWeen the transistor 
103 and the second base-grounded transistor 104. 

Therefore, a current passing through the transistors can be 
easily and accurately controlled by adjusting the siZe ratio 
betWeen the transistor 103 and the transistor 104 thus 
alloWing a loW-gain radio frequency signal to be obtained 
through the output terminal 2. 

For example, the gain can be adjusted by 1 dB by 
changing a siZe ratio betWeen the transistor 103 and the 
transistor 104 from 1:1 to 2:3. In particular, the gain can be 
decreased by 1 dB by changing the siZe ratio betWeen the 
transistor 103 and the transistor 104 from 1:1 to 2:3 and can 
be increased by 1 dB by changing the siZe ratio betWeen the 
transistor 103 and the transistor 104 from 1:1 to 3:2. 

Because load conditions of the output are the same in both 
high-gain and loW-gain modes, the amount of variation in 
the output impedance is small. 

According to the ?rst embodiment, an ampli?er can be 
provided in Which the amount of variation in impedance 
betWeen the high-gain mode and the loW-gain mode is small 
and the gain can be controlled easily and accurately. 

In addition, because the output current is determined by 
the siZe ratio betWeen the transistors 103 and 104, the gain 
can be controlled easily and accurately Without depending 
on a control bias. 

Second Embodiment 
FIG. 2 shoWs a gain control ampli?er according to a 

second embodiment of the present invention. The second 
embodiment is the same as the ?rst embodiment, eXcept that 
the control terminals of transistors 103 and 104 are con 
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nected to each other through switch means, Which is an 
output circuit of a MOS transistor 201, and a voltage is 
applied to a gate of the MOS transistor 201 from a poWer 
supply 203 through a sWitch 202 unlike the ?rst embodiment 
in FIG. 1 in Which the base bias for the transistor 104 is 
provided from the bias circuit 109. 

In particular, a drain of the MOS transistor 201 is con 
nected to the base of the transistor 103 and a source of the 
MOS transistor 201 is connected to the base of the transistor 
104. 

In the high-gain mode, the sWitch 202 is turned off to open 
the base of the transistor 104 to place the transistor 104 in 
the off state. 

In this state, all radio frequency signals are inputted to the 
emitter of the transistor 103 and outputted to the collector, 
thus alloWing a high-gain radio frequency signal to be 
obtained through the output terminal 2. 

In the loW-gain mode, the sWitch 202 is turned on to place 
the transistor 104 into the on state. This alloWs base bias 
voltages of the same value to be provided to the bases of the 
transistors 103 and 104. 

At this time, a current ratio betWeen the transistor 103 and 
the transistor 104 is determined by the siZe ratio betWeen the 
transistor 103 and the transistor 104. Therefore, a current 
passing through the transistors can be controlled easily and 
accurately and a loW-gain radio frequency signal can be 
obtained through the output terminal 2 by adjusting a siZe 
ratio betWeen the transistor 103 and the transistor 104. 
Third Embodiment 

FIG. 3 shoWs a gain control ampli?er according to the 
third embodiment of the present invention. 
The third embodiment is the same as the second 

embodiment, except that a resistance 301 is connected in 
parallel With the base of the transistor 104. The resistance 
301 is connected betWeen the base of the transistor 104 and 
a reference potential 302. 

In this con?guration, the drain of the MOS transistor 201 
is connected to the base of a transistor 103 and the source of 
the MOS transistor 201 is connected to the base of the 
transistor 104. When the sWitch 202 is turned off in order to 
place the ampli?er in the high-gain mode, the transistor 104 
can be completely turned off because the base of the 
transistor 104 is grounded through the resistance 301 and, as 
a result, radio frequency electric poWer can be attenuated to 
prevent the radio frequency electric poWer from traveling to 
the output terminal. 
Fourth Embodiment 

FIG. 4 shoWs a gain control ampli?er according to a 
fourth embodiment of the present invention. 

The fourth embodiment is the same as the second 
embodiment, eXcept that a resistance 401 is provided in 
series With the collector of the transistor 104. 

In this con?guration, voltages having the same value can 
be applied to the bases of the transistor 103 and the transistor 
104 by turning on the sWitch 202 to place the transistor 104 
in the on state in the loW-gain mode. The resistance 401 
connected to the collector of the transistor can attenuate the 
radio frequency signal to prevent the high frequency radio 
signal from traveling to the output terminal. 
Fifth Embodiment 

While in the fourth embodiment the resistance 401 is 
connected in series With the collector of the transistor 104 of 
the second embodiment, the resistance can also be con 
nected in series With the collector of the transistor 104 of the 
?rst embodiment. Also in this ?fth embodiment, the tran 
sistor 103 and the transistor 104 may or may not be 
identically siZed. 
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6 
SiXth Embodiment 

In the third embodiment, the resistance 301 is connected 
in parallel With the base of the transistor 104 of the second 
embodiment. In the fourth embodiment, the resistance 401 is 
connected in series With the collector of the transistor 104 of 
the second embodiment. In the siXth embodiment, the resis 
tance 301 may be connected in series With the base of the 
transistor 104 of the second embodiment, and the resistance 
401 may be connected in series With the collector of the 
transistor 104. Also in this siXth embodiment, the transistor 
103 and the transistor 104 may or may not be identically 
siZed. 
The bias circuit 107 in the above-described embodiments 

is formed With a mirror circuit as shoWn in FIG. 5b and the 
bias circuit 108 is con?gured as shoWn in FIG. 5a. Reference 
number 17A denotes a line connecting to the output of the 
bias circuit 107, 18A denotes a line connecting to the output 
of the bias circuit 108, reference number 19 denotes a line 
connecting to the input of the bias circuit 108. The bias 
circuit 109 has the same con?guration as that of the bias 
circuit 108. 
As described above, in the gain control ampli?er accord 

ing to the present invention, the amount of variation in 
output impedance is small betWeen the high- and loW-gain 
modes and therefore gain control can be accomplished easily 
and accurately. 
What is claimed is: 
1. A gain control ampli?er comprising: 
a ?rst transistor having a ?rst input point and a ?rst output 

circuit, an a third transistor having a third output 
circuit; 

a load connected to the output circuit of the ?rst transistor; 

a second transistor having a second output circuit con 
nected betWeen the ?rst output circuit of said ?rst 
transistor and said load; 

a connecting point located betWeen said load and said 
second transistor; 

said ?rst transistor for amplifying a signal received at said 
?rst input point, and for outputting the ampli?ed signal 
at the connecting point; 

a control bias connected to said third transistor; 

sWitch means for turning on and off the control bias; and 
said third output circuit of the third transistor connected in 

parallel With a series circuit of the output circuit of said 
second transistor and said load, Wherein: 
said sWitching means is turned off to turn on the control 

bias only for said second transistor out of said second 
and third transistors in a high-gain mode, and 

said sWitch means is turned on to turn on the control 
bias for both of said second and third transistors in a 
loW-gain mode. 

2. The gain control ampli?er according to claim 1, 
Wherein a resistance is connected in series With the output 
circuit of said third transistor. 

3. The gain control ampli?er according to claim 1, 
Wherein said second transistor and said third transistor are 
differently siZed. 

4. A gain control ampli?er comprising: 
a ?rst transistor having a ?rst input point and a ?rst output 

circuit, an a third transistor having a third output 
circuit; 

a load connected to the output circuit of the ?rst transistor; 
a second transistor having a second output circuit con 

nected betWeen the ?rst output circuit of said ?rst 
transistor and said load; 
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a connecting point located between said load and said 
second transistor; 

said ?rst transistor for amplifying a signal received at said 
?rst input point, and for outputting the ampli?ed signal 
at the connecting point; 

sWitch means or connecting together control terminals of 
said second and third transistors; 
said third output circuit of the third transistor connected 

in parallel With a series circuit of the second output 
circuit of said second transistor and said load; and 

a control bias connected to said sWitch means, Wherein 

8 
said sWitching means is turned off to turn on the control 

bias only for said second transistor out of said second 
and third transistors in a high-gain mode, and 

said sWitch means is turned on to turn on the control 
bias for both of said second and third transistors in a 
loW-gain mode. 

5. The gain control ampli?er according to claim 4, 
Wherein said sWitch means comprises a MOS transistor and 
a resistance is connected in parallel With a control terminal 
of said third transistor. 


